Determination of Plasticity Index and Compression Index of Soil at Perlis  by Ibrahim, Norlia Mohamad et al.
 APCBEE Procedia  4 ( 2012 )  94 – 98 




Determination of Plasticity Index and Compression Index of 
Soil at Perlis 
Norlia Mohamad Ibrahim∗, Nur Liza Rahim, Roshazita Che Amat, Shamshinar 
Salehuddin and Nor Afzan Ariffin 
School of Environmental Engineering, Universiti Malaysia Perlis, 02600 Arau, Perlis, Malaysia 
Abstract 
This research has been conducted as an initiative to determine Plasticity Index (PI) and Compression Index (Cc) of soil 
samples taken at several locations around Perlis. For each location, the disturbed soils samples are taken at three different 
points and are indicated by P1, P2 and P3. In addition, Particle Size Distribution, Specific Gravity and pH test is also 
conducted to obtain more detailed information for the soil samples. Preparation of soil sample and the experimental 
procedure is based on BS1377 (1990). The results of this study have shown that, when the value of Plasticity Index (PI) 
increases, the Compression Index (Cc) will also be increased. From this research, relationship between Plasticity Index (PI) 
and Compression Index (Cc) is established. The Compression Index (Cc) of soil sample can be identified by executing the 
Plasticity Index (PI).  
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1. Introduction 
In the general engineering sense, soil is defined as a collection of mineral particle that was formed due to 
the weathering process of igneous rock and mixed with organic matter (solid particle). The void between 
particles is filled with water and gas. Cementation among the particles is weak and is due to carbonation and 
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oxidation between particles and organic matter [1].The behavior of soil is an important element which always 
concerned in civil engineering. The properties of soil such as plasticity, compressibility or strength of soil 
always affect the design in constructions. Lack of understanding of the properties of the soil can lead to 
construction errors that are costly in effort and material. The suitability of a soil for a particular use should be 
determined based on its engineering characteristics and not on visual inspection or apparent similarity to other 
soils. The aim of this research is to know the relationship between physical properties and mechanical 
properties of the soil. Physical properties refer to the Atterberg Limit Test to determine Plasticity Index (PI). 
The Atterberg Limit Test is simple and rapid. Meanwhile mechanical properties refer to One-Dimensional 
Consolidation Test (Oedometer Test) to determine Compression Index (Cc). The Oedometer Test is a complex, 
time consuming and expensive test if compared to other soil tests.  
2. Materials and Methods 
The data gathered in the research is based on the two types of disturbed soil sample. It consists of clay and 
laterite soil. For clay, three locations involved which are Kampung Ujong Bukit, Kampung Behor Mempelam 
and Kampung Behor Mali. While for laterite soil was taken at Kampung Ulu Pauh, Kampung Kubang Perun 
and Kampung Kaki Bukit. For each location, the disturbed soils samples are taken at three different points and 
are indicated by P1, P2 and P3. Disturbed soil samples are prepared based on Clause 7 (Preparation of 
Disturbed Samples for testing) specified in BS1377: Part1: 1990 [2]. The sample was oven dried at 
temperatures between 105 – 110 °C for 24 hours respectively. In this research, experiments were carried out 
based on three categories i.e the determination of the chemical properties, physical properties and mechanical 
properties. The experimental procedure is based on BS1377 (1990) [3,4,5]. It is relevant for the sample to 
require classification, soil index and properties, and chemical testing before are sent for consolidation tests. 
Chemical properties in this research were determine the pH of soil by using the electrometric method. Index 
test are the basic and simplest types of laboratory tests performed on soil determine the physical properties of 
soil and the test includes the particles size distribution test, Atterberg limit test and specific gravity test. 
Mechanical property, namely Compression Index (Cc) are determined by conducting One-dimensional 
Consolidation Test (Oedometer Test). The Oedometer test is the method to determine consolidation 
characteristic of low-permeability soils when subjected to vertical load. In theory, the soil in this test 
specimen is loaded axially in increment of applied stress. Each increment of stress is held constant until the 
primary consolidation has ceased [5,6]. And the results incorporated into the reading formula that will show 
the value of void ratio, e. After the void ratio, e obtained plot log graph pressure versus void ratio (log scale) 
to find Cc. The Cc is equal to the Slope of the graph [7]. 
3. Results and Discussion 
3.1. Soil Properties 
3.1.1. Chemical Properties  
The test to determine the chemical properties of soil conducted in this research is pH test. For clay, the pH 
values for three locations are in the range between 6.412 to 6.887, while the pH value for laterite soil is in the 
range between 4.414 to 4.791. Based on the pH range provided by The Divided States Department of 
Agriculture Natural Resources Conservation Services [8], the clay soil sample showed that the pH value of 
the soil can be classed as neutral and for laterite is classified as Very Strong Acid soil. 
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3.1.2. Physical Properties  
The three experiments conducted in this study is basically to determine the physical characteristics of the 
soil which is the particles size distribution test, Atterberg limit test and specific gravity test. Experimental 
results show that Specific Gravity values for clay are in the range 2.63 to 2.80 while Specific Gravity for other 
three locations of laterite were in the range of 2.66 to 2.67. Specific Gravity value for both types of the soil is 
commensurate with the reading of the General Ranges for Specific Gravity of Soils produced by Braja M. Das, 
1999 [9]. USCS soil classification method based on the results of the test particles size distribution obtained. 
Two methods involved in the particles size distribution is Dry Sieve Analysis test and hydrometer test. Soil 
was divided into a well graded soil and a poorly graded soil [10]. Meanwhile for the determination of the 
consistency of soil, the Atterberg Limits tests performed.The Atterberg limits comprise the Liquid Limit (LL), 
the Plastic Limit (PL) and the Shrinkage Limit (SL). Plasticity Index (PI) is the difference between the Plastic 
Limit (PL) and the Liquid Limit (LL). And by knowing the value of Liquid Limit (LL) and Plasticity Index 
(PI), the soil classification can made based on British Soil Classification System Plasticity Chart (BS 5930, 
1981) [11] for fine particulate soil that contains more than 35% fine particles. Based on the intersection 
between the Liquid Limit (LL) and Plasticity Index (PI) on the plasticity chart, its produces a point on the line 
A, and then the soil is classified as clay.  So the first symbol is C and when Liquid Limit (LL) in the range 
50% - 70% the second symbol is H. So the land is classified as CH – High Plasticity Clay. For the laterite soil, 
classification made based on British Soil Classification System (BSCS) tables. Based on the Particle Size 
Distribution Test results, this clay also has more than 50% coarse material such as sand-sized less than 2 mm 
and had a less than 35% of material smaller than 0.06mm. So that soil is classified as sand (S). For a more 
specific classification the value of the percentage of particles smaller than 0.06mm should be seen. For the 
three locations has the percentage of particles smaller than 0.06mm in the range 1% to 3.10%. So this soil are 
classified as SW as Good Graded Sand.  
3.1.3. Mechanical Properties 
One-dimensional Consolidation Test (Oedometer Test) is an experiment to determine the mechanical 
characteristics of the soil. In this research Oedometer Test carried out only to determine the Compression 
Index (Cc) only. The Compression Index (Cc) is equal to the slope of the graph of pressure versus void ratio 
(log scale) [7]. Compression Index (Cc) for clay is in the range 0.258 to 0.968, while for laterite soil was in 
the range 0.101 to 0.940. Value of Compression Index (Cc) is different between each type of soil. And usually 
for the grain course soil have a high permeability flow occurs very rapidly, while for finer grains soil that has 
low permeability, the flow process takes a longer time [12]. 
3.2. Relationship between Plasticity Index (PI) and Compression Index (Cc) 
In this study, the difference of Compression Index (Cc) value will be seen based on the value of the 
Plasticity Index (PI). The extent to which the Plasticity Index (PI) will affect the value of Compression Index 
(Cc) and the relationship between these two parameters can be observed in this research. From the results of 
the Atterberg Limit test and Oedometer test (Refer to Table 1), the relationship between these parameters is 
known interrelating or otherwise. Graph Compression Index (Cc) versus Plasticity Index (PI) is plotted to 
facilitate analysis, relationship between these two parameters is made. In this experiment, the Cc obtained for 
the two types of soil has no significant differences. It may be due to several factors. This is due to soil types 
used in this researches have low permeability and the flow process takes longer time. The time rate of 
consolidation depends on the volume of air and the permeability of the soil. The higher volume of air and the 
higher permeability is a factor of the faster of rate of consolidation [13, 14, 15, 16]. 
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Table 1. Plasticity Index (PI) and Compression Index (Cc) 
Clay 
Laterite 
Location Point Plasticity Index (PI) (%) 
Compression Index 
(Cc) Location Point 
Plasticity 





P1 28.33 0.258 
Kampung Ulu 
Pauh 
P1 30.49 0.940 
P2 29.10 0.265 P2 29.07 0.607 
P3 30.14 0.456 P3 28.09 0.387 
Kampung Behor 
Mempelam 
P1 29.38 0.723 
Kampung 
Kubang Perun 
P1 28.47 0.101 
P2 30.10 0.764 P2 28.80 0.341 
P3 32.75 0.918 P3 30.04 0.723 
Kampung Behor 
Mali 
P1 30.76 0.506 
Kampung Kaki 
Bukit 
P1 27.49 0.186 
P2 30.24 0.270 P2 29.53 0.498 
P3 31.70 0.968 P3 28.19 0.335 
4. Conclusion 
By referring to the relation generated, the Compression Index (Cc) value can be predicted in response to 
the execution of the Atterberg Limit Test. Such correlation will bring a lot of conveniences to the engineers of 
geotechnical filed whenever they tend to do quick and simple identification of the compressibility of soil. It 
also will help the civil engineers to planning the construction of an appropriate structure with the soil 
conditions without having to make all tests for determining soil properties. Thus also benefit from all aspects 
such as cost and energy.  
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